In our previous paper, 1) antimicrobial activity, phytogrowth-inhibitory effect, cytotoxic activity and metalloprotease inhibition have been found as biological activities of athujaplicin (Chart 1), a minor component of Thujopsis dolabrata SIEB. et ZUCC. var. hondai MAKINO. At the same time, as the yield of a-thujaplicin was too small to permit examination of various biological activities, it was also reported to be chemically synthesized.
In our previous paper, 1) antimicrobial activity, phytogrowth-inhibitory effect, cytotoxic activity and metalloprotease inhibition have been found as biological activities of athujaplicin (Chart 1), a minor component of Thujopsis dolabrata SIEB. et ZUCC. var. hondai MAKINO. At the same time, as the yield of a-thujaplicin was too small to permit examination of various biological activities, it was also reported to be chemically synthesized. 1) As reported already, in addition to a-thujaplicin, hinokitiol-related compounds such as 4-acetyltropolone, hinokitiol (b-thujaplicin), b-dolabrin and g-thujaplicin have also been isolated from this plant. 2) As regards the biological activities of hinokitiol-related compounds, it has previously been reported by the authors that hinokitiol, b-dolabrin, g-thujaplicin and 4-acetyltropolone have antimicrobial activity, 1, 3, 4) metalloprotease inhibition, 1, 3, 4) cytotoxic effect, 1, 4, 5) phytogrowth-inhibitory activity 6, 7) and an insecticidal effect. 8) However, no work has yet been done on other biological tests, except for the abovementioned activities of a-thujaplicin, because of its low yield.
In this work, to determine the range of biological activity of hinokitiol-related compounds, the antifungal activity on plant-pathogenic fungi, antibacterial effect on Legionella species and acaricidal and insecticidal activities against Dermatophagoides farinae and Reticulitermes speratus of a-thujaplicin were investigated. The cytotoxic effect on the murine P388 lymphocytic leukemia cell line in vitro of a-thujaplicin was also examined.
MATERIALS AND METHODS
Chemicals a-Thujaplicin, which was synthesized according to the method of the previous paper, 1) was used for various biological activities. Hinokitiol, isolated from T. dolabrata SIEB. et ZUCC. var. hondai MAKINO, was used for tests of insecticidal and acaricidal effects and antifungal activity on plant-pathogenic fungi as a comparative agent. N,NDiethyl-m-toluamide (DEET, a positive control for insecticidal activity testing on Dermatophagoides farinae) was obtained from Yoshitomi Pharmaceutical Industries, Ltd., Osaka, Japan. Chloropyrifos (a positive control for insecticidal activity testing on Reticulitermes speratus) was purchased from Hoechst Schering Agro Evo, Japan, Ltd., Osaka, Japan. Vinblastine and vincristine were also obtained from Sigma Chemical Co. (U.S.A. cidal and acaricidal activities test were as follows: Dermatophagoides farinae and Reticulitemes speratus. D. farinae were purchased from Japan Enviromental Sanitation Center. R. speratus was collected at Saiki-gun in Hiroshimaken, Japan.
Cell The tumor cell line used for the cytotoxic activity test was the murine P388 lymphocytic leukemia cell line, P388D 1 (ATCC TIB63).
Methods The antifungal activity test of a-thujaplicin and hinokitiol on plant-pathogenic fungi was investigated by the agar dilution method.
9) 1) incubation temperature: 24°C, 2) incubation time: 15 d, 3) medium: potato dextrose agar (pH 6.0). The Antibacterial activity test of both compounds on Legionella species was also examined by the agar dilution method.
9) 1) incubation temperature: 35°C, 2) incubation time: 7 d, 3) medium: BCYE a-agar. The acaricidal activity test of both compounds on D. farinae was investigated according to the clip method.
10) The insecticidal activity test of both compounds on R. speratus was examined according to the method reported previously.
10) The cytotoxic effect of both compounds was determined by the method reported previously.
5) RESULTS AND DISCUSSION
The Antifungal Activity of a a-Thujaplicin on PlantPathogenic Fungi The antifungal activity of a-thujaplicin on plant-pathogenic fungi was investigated by the agar dilution method 9) and compared with that of hinokitiol. As shown in Table 1 , a-thujaplicin showed antifungal activity on seven strains of fungi tested, and their minimum inhibitory concentrations (MICs) on these fungi were in the range of 12.0-50.0 mg/ml. The antifungal activity of a-thujaplicin was as high as that of hinokitiol, used as a comparative agent. The antifungal activity of hinokitiol in this work was almost equal to that of this compound in a previous paper. 3) In addition to a-thujaplicin, hinokitiol 9) and tropolone 9) have recently been found to show antifungal activity against same strains tested. It was already reported by T. Okabe et al., one of the authors, that hinokitiol also shows growth-inhibitory activity on plant-pathogenic fungi, Helicobasidum mompa 11) and Rosellinia necatrix. 12) These facts suggest that the antifungal activity on plant-pathogenic fungi seems to be intrinsic to hinokitiol-related compounds. We are now investigating the antifungal activity of b-dolabrin, g-thujaplicin and 4-acetyltropolone on plant-pathogenic fungi.
Antibacterial Activity of a a-Thujaplicin and Hinokitiol on Legionella Species The antibacterial activity of a-thujaplicin and hinokitiol on Legionella pneumophila SG 1 and L. pneumophila SG 3 was examined by the agar dilution method.
9) The results are summarized in Table 2 . Both compounds showed clear antibacterial activity against L. pneumophila SG 1 and SG 3, their MIC value being in the range of 6.25-50.0 mg/ml. In particular, the antibacterial activity of hinokitiol on L. pneumophila SG 1 was strong, and its MIC value was 6.25 mg/ml. Considering that iron is well known to be essential to the growth of gram-negative bacteria such as Legionella species, it stands to reason that the growth of these bacteria was suppressed by metal chelating agents such as hinokitiol and a-thujaplicin, due to the deficiency of this metal. Judging from the fact that few potent antibacterial agents on Legionella species have been discovered as yet, the antibacterial activity of both compounds on these bacteria with lower toxicity should be emphasized. Although the broad spectrum of antimicrobial activity of hinokitiol-related compounds on various bacteria has already been found by the authors and others, the growth-inhibitory activity of a-thujaplicin and hinokitiol on Legionella species is reported for the first time in this paper. Further studies on the antibacterial activity of b-dolabrin, g-thujaplicin and 4-acetyltropolone on Legionella species are in progress.
Insecticidal and Acaricidal Effects of a a-Thujaplicin The insecticidal effect of a-thujaplicin on Reticulitermes speratus was investigated according to the usual method 10) and compared with that of hinokitiol. As shown in Table 3 , a-thujaplicin showed a strong insecticidal effect on this insect [50%-lethal concentration (LC 50 ): 0.02 g/m 2 at 48 h], although its activity was much lower than that of chloropyrifos (LC 50 : 0.00016 g/m 2 ). The insecticidal effect of a-thujaplicin was almost equal to that of hinokitiol (LC 50 : 0.03 g/m 2 at 48 h). The insecticidal effect of hinokitiol on this insect in the present work was as strong as that of this compound in the previous paper. 8) Although the insecticidal activity of hinokitiol, 8) b-dolabrin, 8) g-thujaplicin 8) and tropolone 9) on Coptotermes formosanus has already been found, the insecticidal effect of a-thujaplicin on R. speratus is reported for the first time in this paper. The insecticidal activity of a-thujaplicin on C. formosanus is now under invesitigation.
The acaricidal activity of a-thujaplicin on Dermatophagoides farinae was also examined according to the clip method 10) and compared with that of hinokitiol. The results are summarized in Table 4 . Although the acaricidal activity of a-thujaplicin on this mite was much weaker than that of hinokitiol, it showed rather potent acaricidal activity on this mite (LC 50 positive control. On the other hand, a-thujaplicin did not show acaricidal activity on Tyrophagus putrescentiae, even at high concentration (data not shown). The acaricidal activity of hinokitiol, g-thujaplicin, b-dolabrin and tropolone on Tyrophagus putrescentiae has already been reported by the authors. 8, 9) However, the acaricidal effect of other hinokitiol-related compounds, except for a-thujaplicin, on D. farinae has been reported for the first time in this paper. In the present work, it was found that insecticidal and acaricidal activities on R. speratus and D. farinae was found not only in hinokitiol, but also in a-thujaplicn. These findings seem to be closely related to the fact that Konjiki-do, which was built of T. dolabrata SIEB. et ZUCC. var. hondai MAKINO, kept itself free of harm caused by wood-rotting fungi and noxious insects period of eight hundred years. 8) As a preliminary step to determine other reasons for the long endurance of Konjikido, further studies on the insecticidal and acaricidal activities of other hinokitiol-related compounds, which have not yet been examined, against D. farinae, are in progress.
Cytotoxic Activity of a a-Thujaplicin on Cell Line of Murine P388 Lymphocytic Leukemia The cytotoxic activity of a-thujaplicin on the growth of the murine P388 lymphocytic leukemia cell line was examined in vitro. a-Thujaplicin showed strong cytotoxic activity against this cell line. As shown in Fig. 1 , the growth of the murine P388 cell line by this compound was suppressed in a concentration-dependent fashion. At 24 h after treatment (Fig. 1A) , a-thujaplicin at 0.63 mg/ml inhibited the cell growth of murine P388 by 78%, and its inhibitory activity was weaker than that of vinblastine (growth inhibitory activity: 84%), used as a positive control. At the same concentration, the cytotoxic effect of a-thujaplicin on the murine P388 cell line was almost equal to that of vincristine, used as a positive control. a-Thujaplicin at concentrations higher than 1.25 mg/ml inhibited the cell growth of murine P388 by 98%, and its activity was higher than those of vinblastine and vincrisitine, used as a positive control. As shown in Fig. 1B , the inhibitory activity of a-thujaplicin at 0.63 mg/ml inhibited the cell growth of murine P388 by 68% at 48 h after treatment, but the cytotoxic effect of a-thujaplicin was much lower than those of vinblastine and vincrisitine at the same concentration. However, a-thujaplicin at concentrations higher than 1.25 mg/ml inhibited the cell growth of murine P388 by 100%. Because a-thujaplicin is found to show a strong cytotoxic effect in vitro on the murine P388 cell line, this inhibitory activity of other hinokitiol-related compounds on this cell line should be investigated. The 50%-lethal dose (LD 50 ) value of a-thujaplicin in mice has previously been found to be 256 mg/kg.
1)
Although the cytotoxic activity of a-thujaplicin on the murine P388 cell line in vitro was as high as those of vinblastine and vincristine, used as a positive control, the acute toxicity of the former was much lower than those of the latter; thus, the antitumor activity of this compound in vivo should be investigated with animals. Hinokitiol has already been reported to exhibit strong cytotoxic effects on established tumor cell lines such as colon 26, RK and MDCK cells, and its minimal cytopathogenic concentration was reported to be around 10 mg/ml. 13) We previously reported that hinokitiol and tropolone showed strong cytotoxic effects in vitro on the growth of murine and human tumor cell lines, including RL-?, MH124, HL60, K526 and KATO-III, and their IC 50 values for all cell lines were 0.3-0.6 mg/m.
14) The authors recently found that hinokitiol, bdolabrin and g-thujaplicin showed strong cytotoxic activity in vitro on the growth of human stomach cancer cell lines KATO-III and Ehrlich's ascites carcinoma at a low concentration of 0.32 mg/ml. However, no work has been done on the cytotoxic activity of other hinokitiol-related compounds, except for a-thujaplicin, against the murine P388 lymphocytic leukemia cell line in vitro. Studies on the cytotoxic effects of hinokitiol, b-dolabrin, g-thujaplicin and 4-acetyltropolone in vitro are in progress.
